Chemical
Engineering
Journal

www.elsevier.com/locate/cej

- S
ELSEVIER Chemical Engineering Journal 80 (2000) 157—165

Semi-batch test of sedimentation. Application to design
R. Font, M.L. Laveda

Department of Chemical Engineering, University of Alicante, Apartado Correos 99, 03080 Alicante, Spain

Abstract

In a batch test of sedimentation with flocculated suspensions, from the evolution of the supernatant-suspension discontinuity height wi
time, itis possible to obtain the design parameters for continuous gravity thickeners. Nevertheless, the design is only approximate becal
normally the surface height of the sediment, growing on the bottom of the cylinder, is not visible. On the other hand, the design corresponc
to sediment heights much smaller than the initial height of the batch tests, and consequently to very small sediment heights. In the meth
presented in this paper, the semi-batch test is carried out with periodical withdrawals of supernatant and additions of fresh suspension at
top of the liquid, obtaining a zig-zag variation. Considering the Kynch theorems, that are applicable to the suspension above the sedime
it is possible to obtain the variation of the sediment surface height versus time, and this sediment height can be close to the initial heig
of the suspension. In this way, it is possible to obtain the exact relationship between the settling flux density of solids in the hindere
settling or non-compression zone, and consequently the design parameters for a continuous thickener can be obtained for an underflow sc
concentration range and sediment height range wider than those obtained from a batch test. © 2000 Elsevier Science B.V. All rights reservi
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1. Introduction o from the data of the sediment height in a batch test: Font
[13].

This paper discusses a procedure of design of continuouse from the effective solids pressure—solids concentration
gravity thickeners for opaque suspensions from a semi-batch and permeability—solids concentration relationships or
test. similar ones obtained previously: Fitch [14], Landman

For the design of continuous gravity thickeners, two main et al [15], Tiller and Chen [16].
parameters have been considered: the calculation of the cros®n the other hand, some interesting aspects have considered

area and the sediment height. for the design of continuous thickeners: effect of sludge
Considering the cross area, the following procedures canfunneling [17], dynamic analysis [18], free-settling regime
be considered: [19], simulation [20,21].

o from a batch test or several batch tests of sedimentation In this section a brief revision of the fundamentals of
considering the upper discontinuity height-time variation: sedimentation is presented [2,6,13,22-26]. Two ranges of
Talmage and Fitch [1], Fitch [2], Merta and Ziolo [3,4]. solids concentration are considered in the sedimentation of
from a batch test or several batch tests, taking also into flocculated suspensions:
account the sediment height-time curve: Fitch [5], Font (&) at low and intermediate solids concentration, the ag-
[6], Yong et al. [7]. gregates descend separately but hindering themselves. For

o from the settling flux density—solids concentration curve, each suspension, there is a relationship between the set-
that must obtained previously: Coe and Clavenger [8], tling rate and the solids concentration. The inertial effects
Donald et al. [9], Dixon [10], Waters and Galvin [11]. of acceleration or deceleration can be considered negligible

With respect to the calculation of the sediment height inside for many suspensions. This range of solids concentration is

the continuous gravity thickeners, the following procedures known as the hindered settling range, or non-compression

can be distinguished: range.

o from the data of a batch test, considering only the upper (b) at high solids concentration, the solids descend form-
discontinuity variation of the sediment in a batch test: ing a matrix of solids. The sedimentation velocity depends

Foust et al. [12], Merta and Ziolo [3]. on the solids concentration as well as on the pressure trans-
mitted by the weight of the solids of the upper layers and the
* Corresponding author. Tekt34-96-5903546; fax:-34-96-5903464.  drag force caused by the fluid moving upwards. This range
E-mail addressrafael.font@ua.es (R. Font). is called the compression range.

1383-5866/00/$ — see front matter © 2000 Elsevier Science B.V. All rights reserved.
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Nomenclature

cross area of cylinder, m

gravity acceleration, mfs

A
Ay unit area of continuous thickener?2raross area/(fhsolids/s)
g
H

height of descending interface, m

H; intercept height of tangent to curt=f(t;) on time axis

Ho initial value ofH, m

Hy height of the compression zone in the gravity thickener, m

Hq,Ho values ofH att; andty, m

Hj intercept height between the tangent to sediment at the bottom and the upper interface, m
Hio intercept height between parallel line to height axis that passes throygh) @nd tangent to curve

Ho=f(to) in a batch test, m
j parameter in Eq. (11)

jo parameter in Eq. (11)

k permeability, M

L sediment height, m

Ly sediment height at timg, m

Ps parameter in Eq. (12)

Ps effective pressure of solids, Nfm

t time, s

t1, to values oft at intersection of characteristic with sedimen) @nd upper interfacey), s
tt dimensionless time

Us settling velocity of solids, m/s

Uso settling velocity of solids at dilution infinity, m/s
Us, value ofus at upper interfacets,=dH»/dto, m/s
S settling flux density £(—Us)¢s), m/s

X distance to the bottom, m

xt dimensionless distance to the bottom

AV increment of fresh added volume®m

Greek letters

s volume fraction of solids in the compression range

s value ofeg at sediment surface

£su underflow volume fraction of solids

€50 maximum value of volume fraction of solids, defined by Eq. (12)

v arising velocity of the characteristic line at m/s

os volume fraction of solids in the non-compression range

®dso initial volume fraction of solids

os, value of ¢ corresponding to characteristic lines that arise from sediment

?%, value of g5 corresponding to characteristic line that arises from bottom of column tangentially to sed
m viscosity of fluid, kg/m s

0 thickener volumetric flux density of solids, fnsolids/s)/n

Ap difference between the solids density and the fluid density, kg/m

Symbols

0O* referring to the characteristic that arises tangentially to the sediment surface from the bottom of the cy
0t referring to the dimensionless variables using the space coordinate and time defined by Egs. (14) and

iment

inder.
an.

The limit of solids concentration between the hindered builds up inside the cylinder whereas the upper interface
settling zone and the compression zone is the critical or supernatant—suspension descends (see Figs. 1 and 2).
gel solids concentration, and corresponds to that when the In non-opaque suspensions, the interface correspond
aggregates are in the suspension as a fixed bed and begin tthe sediment surface is visible. Using irradiation equipment

transmit squeeze to the lower layers of solids.

ing to

or extracting samples at different heights of the cylinder, it

In batch testing, where the initial suspension has a solidsis also possible to determine the situation of the sediment
concentration in the non-compression range, the sedimentsurface. In tests where there is a considerable change of sed-
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Fig. 1. Batch test and semi-batch test. Symbols used in zones a and b.

imentation velocity of the solids at the upper discontinuity sion with initial volume fraction of solidgésowas introduced
at the critical point (see point C in Fig. 1), the evolution of carefully onto the top of the suspension.
the sediment surface can be deduced from some batch tests Figs. 1 and 2 show the variation of the discontinuities
with different initial heights as proposed by Fitch [5]. and the lines of constant concentration in a batch test and
In previous papers [6,25], a method was proposed for cal- in a semibatch test. Three zones can be distinguished: zone
culating the area per unit of solids volumetric flow and the a (constant concentration equal to the initial one), zone b
sediment height of a continuous thickener from data of a (where the straight lines of constant concentration or char-
batch test (supernatant—suspension discontinuity height vsacteristic lines — dashed lines in Fify — arise from the
time and sediment height vs. time). In a subsequent pa-bottom of the cylinder at the beginning of the test), and zone
per [27], a method using a semi-batch test of sedimentationc, where the characteristic lines — dashed lines — arise
was proposed for the design of continuous gravity thick- tangentially from the sediment surface at different values of
eners. The semi-batch test was carried out with periodical time in the non-compression range. The compression zone
withdrawals of supernatant and additions of fresh suspen-or sediment can also be observed. In this latter zone, the
sion at the top of the liquid, obtaining a zigzag variation of divergent lines of constant concentration arise from the bot-
the supernatant—suspension interface and a convex sedimeribm of cylinder at different values of times.
curve. Initially the cylinder contained a uniform suspension By the methods proposed [6,27], a part of the settling
with volume fraction of solidspso less than the critical or  flux density versus the volume fraction curve (fr@rg, to
gel concentratiors, ; then periodically a small volumaVv b5, ma) Can be obtained as shown in Fig. 3. Nevertheless,
of the supernatant was withdrawn (e.g. with a small tube it must be emphasized that the portion of curve that can be
located on the upper supernatant—suspension interface andbtained by the semi-batch test is greater that obtained from
connected to a vacuum pump) and a voluié of suspen- the single batch test.

\(dH,/dt,)"
(dHydt,)
Q\ slope: (dL,/dt,)"
Ho )
supernatant TR AVAVAVANA
1 ’
H Zone aI, K .
i Zone // characteristic line
suspension = lb ,'Zone"’ chara (::s ic li
1 ’ L
-% HRA slope: (dL,/dt,)
_c ll l/ P
L i ey sediment
sediment ! sediment ,’
i )
4 b time time
CYLINDER BATCH TEST SEMI-BATCH TEST

Fig. 2. Batch test and semi-batch test. Symbols used in zones ¢ and for estimation of the critical or gel concentration.
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Fig. 3. Settling flux density versus volume fraction of solids.

The different values of the settling flux density, product
of the settling rate€us) by the solids concentratiops at
the range drawn as a solid line in Fig. 2 can be obtained as
follows:

. . . po

(a) from the straight lines of the supernatant—s:uspensmnp
descending interface observed in the batch test and in the
semibatch test, the settling rate value corresponding to the

initial solids concentratios, can be obtained.

(b) for the characteristic lines (of constant solids concen-
tration above the sediment) that arise from the bottom, the
values of the settling rates are obtained &k/dt; at the
interface corresponding to the volume fractions of solids
calculated as [22,27]

¢s = (psoHo/H;) for the batch test (1)
¢s = dso (Ho+ ZAHo,i> / H;
i
x for the semi-batch test (2)

whereHg is the initial height of suspension with initial vol-
ume fractiongso, andAHo; is the increment of suspension
height with fresh suspension with solids concentratigp
after withdrawing supernatant from the beginning of the test
to the corresponding time.

For each characteristic line corresponding to a volume
fraction ¢s (Fig. 1), the settling rate is calculated from the
slope of the upper discontinuity—@H,/dt;), the volume
fraction of solids by Eg. (1) and the settling flux density by
the product {dHo/dt2)¢s.

For the characteristic lines that arise from the sediment
(Fig. 2), whose settling rates are also calculatedgat,,
the volume fraction of solids (indicated Igys, in this case
and indicated also ags, in Fig. 2) is obtained by the ex-

pression [6,27]:
__¢soHo |:_/'1
Ps, A

 Hip— L1

1
I—n

dz} for the batch test
(3

neering Journal 80 (2000) 157-165
. ¢so(Ho+ Y ; AHo,i)

Hi*
exp /“‘Hz/dtz) d (—dHp/dt)
X J—

(dHp/drp)* (AL1/dt1) + (—dHz/dt2)

for the semi-batch test

b,

(4)

For the numerical integration of the previous equations, sev-
eral tangential characteristics must be considered from the
first one tangential to the sediment curvéat0 (for Eq. (3))

or from (dHo/dtp) equal to (dHo/dtz)* (for Eq. (4)) to the
corresponding characteristic with valug for (dHo/dty).
Nevertheless, it must be stated that the theory concerning
tangential characteristics that leads to Egs. (3) and (4) is
not yet closed.

Multiplying the valuegs, by the settling rate in the up-
per discontinuity {dHy/dtp), the product {dH»/dtp) ¢s,
equals the flux density. The maximum valgs, .., that can
be calculated corresponds to the characteristic with a slope
equal to the sediment slopé gddt; just before the critical

int.

(c) The limit between the non-compression range of solids
concentration and the compression zone corresponds to the
situation where the solids structure first shows a compressive
yield value and is known as the critical or gel volume fraction
of solidses,. This value can be calculated as [6,27]:

es; = ¢soHo/H, for the batch test (5)
£ = <¢so (Ho + ZAHo,l)) / Hy
for the semi-batch test (6)

where H; is the intercept height of the upper discontinuity
with the characteristic that arises tangentially to the sediment
at the beginning of the test and separates zone b from zone
c (see Fig. 2).

(d) Continuous thickeners can be designed from the data
obtained in a batch test or in a semi-batch test. The sludge
withdrawn from the bottom of the continuous thickener, nor-
mally has a volume fraction of solids greater than the critical
volume fractioneg; . In a continuous thickener, the variation
of the solids concentration vs. depth can be similar to that
shown in Fig. 4 [16,28-31]. This figure shows the results of
a batch test. Consider a characteristic line that arises tangen-
tially to the sediment at height L and with a volume fraction
of solids¢s,. A continuous thickener can be designed with
the previous relationships. In this continuous thickener, three
zones can be distinguished: (a) the sediment on the bottom,
with an underflow volume fraction of solids;, at the bot-
tom and solids concentratior, at the top of the sediment;

(b) a zone with a volume fraction of solids, and (c) an
upper zone where the initial suspension is introduced into
the thickener. The variation of the volume fraction of solids
versus the thickener depth is indicated in Fig. 4. In the upper
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Fig. 4. Batch test, semi-batch test and continuous thickener.

part, the solids concentration is almost zero. In this section, the compression zone in the gravity thickener) and the un-
clarified liquid flows out of the thickener. There is a zone derflow volume fraction of solidsg, on thex-axis (this can
where the feed sprays inside the liquid with zones of less be easily deduced from a material balance in accordance
concentration than that of the inlet stream. with the Coe and Clavenger method [8]). Consequently, the
Above the sediment, there is a layer of constant solids greatest valuessymax corresponds tgs, .. as observed in
concentration that controls the flux of solids per unit of cross Fig. 3.
area. Normally, this layer has a solids concentration inside On considering the previous analysis, it can be deduced
the non-compression range [2,28,29]. In the sediment, therethat the greatest design value of the underflow volume
is a gradual variation of solids concentration fregnto egy. fraction gy, in the continuous thickener corresponds to the
At the top of the sediment, there is a great change of solids characteristic with greater solids concentration. This char-
concentration at a small increment of height (corresponding acteristic line is that which arises from the sediment surface
to a discontinuity). In accordance with that deduced pre- just before the critical point in the batch test (intercept
viously [6,25] and considering the material balances, for a of the upper discontinuity and the sediment discontinuity,
characteristic line of a specific volume fraction of solitis Figs. 1 and 2). The parameters of design that can normally
in Fig. 4, the corresponding parameters of the design of abe obtained from a batch test correspond to small sediment
continuous thickener that has a volume fraction of solids heights (e.g. for a batch test similar to that shown in Figs. 1
equal togs, in the zone above the sediment as indicated in and 2. If the initial height of the suspension is 1 m, under
Fig. 4, can be obtained as follows: the conditions corresponding to the characteristic that arises
from the sediment surface just before the critical point, the
sludge depth in a continuous thickener will then be less
than 0.2 m). Any procedure that results in high values of
fsu= 05 (1+ (( u52) / (dLl/dtl))) % the critical ;oint);]gights will permit the designgparameters
(values ofps,, (—Us,)=—dHy/dt, and d_1/dt; correspond of continuous thickeners at great values of underflow solids
to the characteristic line of volume fractiafy, arising concentration to be determined. Bearing in mind that the
from the sediment surface). initial solids concentration cannot be changed, one alterna-
e Thickener volumetric flux density of solidg, related to tive for obtaining high sediment heights consists in carrying
the unit area or cross area per unit of volumetric flow of out the batch test in very tall cylinders. Another alternative

o Underflow volume fraction of solidsg,

solids, A,. is performing a semi-batch test where the sediment surface
must be estimated, as explained in this paper.

Ay =1/6 =1/ (esydL1/dt1) (8) This paper focuses the determination of the sediment sur-

face from a semi-batch test, considering the Kynch theorems

o Compression zone height or sludge deHthof the con-  gpplied to the hindered settling or non-compression zone

tinuous thickener. It was deduced that the valieis above the sediment in a semi-batch test of a flocculated sus-

less than the sediment height just at the point where  pension.
the drawn characteristic line of volume fractigg, arises
from the top of the sediment [25].

In Fig. 3, for a suspension with an initial volume frac- 2. Fundamentals of the estimation of the sediment
tion of solids¢so, any value of underflow volume fraction surface
of solidses, can be related to a valugs, and can be cal-
culated by the procedure presented previously. The value Consider Fig. 5, where a characteristic line of a
dL,/dt; is the positive value of the slope of the straight line semibatch-test is drawn (solid line). Note that this charac-
drawn between the point on the settling flux density—solids teristic line passes by the point just before the fresh sus-
concentration curve ats (volume fraction of solids above pension added. This means that all the solids of an addition
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Fig. 5. Characteristic lines in a semi-batch test. Fig. 6. Determination of settling rates in a semi-batch test.
of suspension at the top of the interface cross the rising
chgracterlstlc line drawn Wlth constant volume fraction of TN sope: il
solids ¢s and constant settling rate-(is). Consequently e dés
from a balance of solids, it is deduced that 2
[7]
c "y .
¢S (_”S) — ¢SOAHO,i/At (9) g critical point
=
=
where ¢, is the volume fraction of solids corresponding 2
to the added fresh suspension, that coincides with the ini- E -
tial solids concentration of the suspension introduced in the
cylinder, AHp; is the increase of the upper interface due
to the addition of fresh suspension and is the period Volume fraction of solids (¢,)

of time between two consecutive additions. If the sediment _ o _ _ _ _
surface height is known, the vaIuethZ) should be that Flg: 7 Estimation of the settling flux density—volume fraction of solids
measured drawing the tangent at the point where the char—va”anon'

acteristic line intercepts the upper discontinuity. Neverthe-
less, the variation of-{us,) of the layers at the top of the
supernatant—suspension discontinuity inside the same por

volume fraction of solids. Drawing tangents to the curve at
the points considered, arising rates of the characteristic lines

tion of curve between fresh suspension additions must bed'® obtaine_d in acgordange With Eq. (10). This means that
small when the number of additions is high, because the for each point considered in Fig. 6 before a new addition of

change of the slope from the characteristic line correspond-]creSh suspension, the valuesof the slopes of the charac-

ing to s, to that corresponding is,+Ads, is small. When teristics can be estimated. Drawing lines with these slopes
the sediment surface height is unknown, as occurs in thefrom the corresponding points, as indicated in Fig. 8, the

opague suspensions (common case), the settling +atg)( sediment curve |_”nust. be tangent tg all these Iine;, and_con-
can be estimated drawing the tangent at the last portion of these_quently an estlmat|op of the sediment sm_;rface is obtained.
descending discontinuity, as shown in Fig. 5. On the other With the estimated sediment surface, the rigorous procedure

hand, the characteristic arises with a sloptaat equals for designing continuous gravity thickeners can be used.

—_ d[(—us) ¢s]
des
in accordance with the Kynch theorems [22,5]. These two

aspects, the estimation of the valgg, and the use of the
relation (10) referring to the rise of the characteristic lines are

(10)

the fundamentals of the method for estimating the sediment £ siope: — Sl
surface height. This is explained in the following paragraphs. 2 )

Consider a semi-batch test as that presented in Fig. 6. The Sediment surface variation
settling rate is measured at the last portion of the lines cor-
responding to the upper discontinuity before the following
additions, as indicated in the graph.

With the values ofps and (—usg), calculated by Eq. (9), a
graph similar to that shown in Fig. 7 can be obtained, where rig g prawing of the characteristic lines and the estimated sediment
the variation of the settling flux density is plotted vs. the surface in a semi-batch test.

time



R. Font, M.L. Laveda/Chemical Engineering Journal 80 (2000) 157-165 163

The critical point, where the sediment curve meets the 35

upper interface, can also be deduced from Fig. 6, because 3.0
normally a noticeable increase &f between additions takes \\\\\\\\\\\\\\\\\\\
place. 28

20

3. Corrobation of the method proposed with data
obtained by simulation

Dimensionless height
o

A simulation program of the batch testing was initially
developed [13], where the variations of the upper disconti- of o py py pon 250
nuity height, sediment height, characteristic lines and lines Dimensionless time
of constant solids concentration inside the sediment versus _ _ _ _
time were considered. Afterwards, the simulation program Flg. 9. Slmulatgd data of the supernatant—suspension height and sediment
was developed for considering the simulation of a grav- height versus time.
ity thickener and dimensionless variables were taken into
account [20]. The most important relationships considered
in this last paper with the general case analyzed were the
following:
¢ In the hindered settling zone:

relationship between the settling rateus) and the
volume fraction of solidgs

0.10

0.08

Points deduced from Figure 9

—— Deduced from eq. (11) and considering
the dimensionless variables

0.06

0.04

0.02 /—‘ critical point
(—us) = (~uso) (1~ jgpo)** . . il

. . or 0 < <064 (11 . NS
Jj=Jjo— (jo/2.56) ¢s J®s (1) 0 05 1.0 15 2.0 25 3.0

Dimensionless volume fraction of solids
$s" or &"

Dimensionless settling flux density of solids

in accordance with the Richarson and Zaki [32] relation-
ship and assuming a variation for the paramgteith the
volume fraction of solidgps. Fig. 10. Dimensionless flux density versus volume fraction of solids.
¢ At the critical or gel concentrations , the value ofjes,
equals 0.64, and considering that the valug @t ¢,
equalsjo/2, the producjoes, is equal to 1.28.
o In the compression zone:
relationship between the effective presspgeand the
volume fraction of solidgs, in accordance with the rela-

the simulation of the batch was carried out as presented
elsewhere [20,27].

Fig. 9 shows the simulated data of the variation of the
upper discontinuity and sediment height versus time.

tion of Tiller and Khatib [33] C(_)ns_idering only the simul_ated data (_)f the upper (_jis-
continuity, the procedure previously explained was applied.
€s = 00 — (Es00 — £5y) g Ps/ps (12) Fig. 10 shows the variations of the settling flux denSty
) (=(—us)¢s™) obtained by the procedure previously ex-
whereess is assumed to begg. . plained and that deduced from the equations used (from
relationship between the terminal settling rateu) Eq. (11)) considering the dimensionless variables), observ-

(in absence of compressive stress) or the permealkility ing an exact coincidence.

Fig. 11 shows the drawing of the characteristic lines and
(—us) = (Apgesk/ 1) the estimated sediment surface, that coincides with the sim-
= L6.3095x 107° (—uso) / (5st)J ulated data of sediment surface.
% ({ATN [=10(joes — 1.92)]} + 90) (13) Consequently, from the simulated data, in the absence of
experimental errors and deviation of the model assumed, it
The previous equation corresponds to a general variationcan be deduced that the model developed is rigorous and
case. exact.
Introducing the dimensionless variables:

¢ =jsps O0<opd <128=¢f (14) 4. Corrobation of the method proposed with

experimental data

eg = joss 128=1¢ <ef <256=¢g, (15) P

(16) In a previous paper [27], some experimental data of
semi-batch test with calcium carbonate suspensions were

xt = (Apg/ Gopr)) x a7 presented. With these suspensions, the sediment surface

tT = (Apg (—uso) /pB) ¢
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Fig. 11. Drawing of characteristic lines and the estimated sediment height for suspension A of calcium carbonate.
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Fig. 12. Experimental and designed underflow volume fraction versus

unit area for two calcium carbonate suspensions: suspension A and sus+ig. 15. Supernatant-suspension height and sediment height versus time
pension B. for suspension B of calcium carbonate.

was visible, and it was also tested that the procedure com-of the variation of the upper discontinuity and the sediment
mented previously for the design of gravity thickeners surface. Considering only the experimental data of the upper
considering the data of the sediment surface was correct.discontinuity and following the procedure previously pre-
Figs. 12 and 13 show the design and operation variables,sented, the variation of the settling flux density versus vol-
underflow solids concentration, sediment height and unit ume fraction of solids is deduced (shown in Fig. 16) and
area, obtained with two suspensions of calcium carbonate,used for calculating the slope of the characteristics drawn in
with different hydrodynamic behavior. More details about Figs. 17 and 18, showing that the estimated sediment surface
the operation procedure can be found elsewhere [27]. coincides with the experimental value, and corroborates the
The procedure for estimating the sediment surface wasprocedure proposed.
applied to these experimental data and compared with the Similar results, corroborating the procedure for estimat-
calculated ones. Figs. 14 and 15 show the experimental datdng the sediment surface in a semi-batch test of sedimenta-

05 4 Suspension A 2.00 1
04 | . + Designed s ] = Suspension A
| = Experimental @ 1.50 ] « Suspension B
Suspension B \E, 1
03 4 o Designed © q
L (m) 1 » Experimental = 1.00 ]
0.2 - . ~ ]
J ) ]
I 050 ]
01 . < 1
0 Trrrrrrrryrrrrrrrrrjprrrerrrrryprrrrrorrori] 0 LN B I S N B RN B B B S B R B B B SR B BN B B S e |
20000 40000 60000 80000 100000 0.02 0.04 0.06 0.08 0.1 0.12
A, (m? m® solids/ s) s

Fig. 13. Experimental and designed sediment height versus unit area forFig. 16. Flux density versus volume fraction of solids for both calcium
two calcium carbonate suspensions: suspension A and suspension B.  carbonate suspensions.
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The method proposed for obtaining the sediment surface

ol NN ‘\\ \\\ R was successfully tested with simulated data (where the up-
NADA NN S per discontinuity height and the sediment height variations
08 were known) and with experimental values of calcium car-
Hm) o bonate suspensions where the sediment surface was also

visible; consequently the sediment height variation versus
time could be compared with that estimated by application

of the method proposed.
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